Background: Previous studies support good intra-and interobserver agreements for endoscopic evaluation of various upper respiratory tract (URT) diseases in horses. However, these studies mainly assessed resting endoscopic examination videos and/or focussed on a single URT abnormality. Objectives: To estimate intra-and interobserver agreement for identification and grading of all URT abnormalities from resting and overground endoscopy (OGE) videos of Thoroughbreds. Study design: Blinded, fully crossed design. Methods: Resting and OGE URT videos for n = 43 Thoroughbreds were retrospectively chosen based on identification of common URT disorders. The videos were randomly evaluated in duplicate by 4 raters blinded to all information including prior URT disorder(s) diagnosis. Abnormalities were graded using well-described ordinal scales. Intra-and interobserver agreements were estimated using Cohen's weighted j and Krippendorff's a, respectively. Results: Intraobserver agreement was perfect/nearly perfect for arytenoid symmetry at exercise, epiglottic entrapment and epiglottic retroversion, substantial for arytenoid asymmetry at rest, palatal dysfunction (PD), medial deviation of the aryepiglottic folds (MDAF), pharyngeal mucus and epiglottic grade at exercise and moderate for vocal fold collapse (VFC), ventromedial luxation of the apex of the corniculate process of the arytenoid (VLAC), nasopharyngeal collapse (NPC) and epiglottic grade at rest. Interobserver agreement was substantial for arytenoid symmetry at exercise and PD and moderate for arytenoid asymmetry at rest, MDAF, VLAC and epiglottic entrapment. It was only fair for VFC, epiglottic grade at exercise, epiglottic retroversion, pharyngeal mucus and NPC and poor for epiglottic grade at rest. Main limitations: Sample size was insufficient to allow assessment of the effect of one abnormality on the grading of another abnormality. Conclusions: Observers were consistent in grading URT disorders. However, significant disparity in grading existed between observers for some conditions affecting reliability.
Introduction
Endoscopic evaluation of the structure and function of the equine upper respiratory tract (URT) is typically assessed through the use of ordinal grading systems described for each individual condition. In order to effectively draw conclusions about the presence and severity of any URT condition, it is important to determine that grading systems can be utilised in a comparable way between and within observers with minimal variability [1] . Variability in reported URT disease prevalence and in grading of an URT disorder within the same horse at multiple time-points has been reported [2, 3] . A possible explanation for these discrepancies may be that differences exist between observers and their interpretation of the various grading scales utilised, creating sources of measurement disparity [4] .
There are some studies evaluating agreement of grading for some of the common URT diseases in horses [2, [5] [6] [7] . Good-to-excellent intraobserver and moderate-to-excellent interobserver agreement has been reported for grading of laryngeal asymmetry at rest [2, 5, 6] . Similarly, good-to-excellent intra-and interobserver agreement has been shown for assessment of palatal instability (PI) and epiglottic structure, as well as good intraobserver and moderate interobserver reliability for grading of medial deviation of the aryepiglottic folds (MDAF) [7] . Observer agreement for other commonly described URT conditions seen at exercise have not been evaluated. Furthermore, although complex URT abnormalities are common [8] , to date there have been no studies evaluating observer agreement for identification and grading of multiple disorders at the same time.
The objective of the current study was to determine estimates of intraand interobserver reliability for identification and grading of URT disorders during evaluation of resting and overground endoscopic (OGE) videos in Thoroughbred horses using published standardised grading scales.
Materials and methods

Sample population and case selection
Records were searched to identify Thoroughbreds in flat-race training that had undergone an OGE examination between September 2012 and December 2013 using a Videomed a overground endoscope. All horses had been examined while exercising on the same all-weather gallop during a sprint training session of 800-1000 m.
All OGE videos had previously been evaluated by the same experienced viewer (C.L.McG.), with all identified URT obstructions recorded. Based on these results, videos demonstrating any of the major URT disorders with reported prevalence rates ≥10% were then selected for inclusion in the study (Supplementary Item 1) [9] [10] [11] . Selected videos also included horses with no identified abnormalities. Videos were excluded if water and/or mucoid discharge resulted in distortion or loss of a portion of the image, or where endoscopic positioning was not optimal.
Sample size was calculated for a statistical power of 80% with a desired type I error rate of 0.05, using the PowerCats code in the kappaSize package using the statistical computing package R b . To determine the largest number of videos required, calculations were carried out for each Equine Veterinary Journal 49 (2017) 433-437 © 2016 EVJ Ltd disorder considering the number of outcome categories available for 2 (intraobserver study) and 4 (interobserver study) observers. Prevalence of each grade was estimated from previous video analysis. The largest sample size calculated for 80% power was 43 videos, with this then duplicated for a total of 86 videos included in the study.
Once selected, videos were edited using VLC software c to include one minute of a resting and one minute of an exercising endoscopic recording. Efforts were made to include a swallow in the resting examination clip. Each clipped video was rotated to position the larynx straight on the screen. All videos were duplicated and randomly labelled 1-86. Videos were disseminated in.avi format with instructions on how to view in VLC.
Video analysis
Four observers, blinded to all information including previous URT disorder(s) diagnosis, independently reviewed the 86 videos, recording and grading all identified abnormalities by completing a data collection sheet (Supplementary Item 2) . Two observers were American and/or European board-certified large animal/equine veterinary surgeons, the third board-eligible for the American College of Veterinary Surgeons (large animal) and the fourth an American and European board-certified large animal/equine veterinary internal medicine clinician. All observers had ≥10 years of specialist clinical practice experience evaluating resting and exercising endoscopic videos. Observers were aware that some videos were duplicated for intraobserver data collection, but were not informed of the number of duplicated videos. Each observer reviewed the videos in a different random order, with orders generated by an online random number generator (www.randomizer. org). Booklets containing data collection sheets were provided with the appropriate grading scheme for each recorded abnormality, so the chosen grade could be circled with free space provided for any additional abnormalities detected. A booklet was also provided with a diagram and detailed explanation of the grading scheme for each disorder. Grading schemes were taken from the literature [7, [12] [13] [14] [15] [16] [17] with modification to some schemes in order to give a numerical output for analysis (Supplementary Item 3) . Terminology to describe the various URT disorders was chosen based on a published consensus statement [18] . Palatal dysfunction (PD) was used in the present study to describe PI together with the various presentations of dorsal displacement of the soft palate (DDSP, at rest [transient, tDDSP] and during exercise [intermittent, iDDSP]).
Data analysis
All data analysis was conducted using the statistical computing package R b . Intraobserver reliability was calculated using Cohen's weighted j (Cj) comparing agreement between each of the 43 videos evaluated twice by each observer. The weighting allowed the degree of grading disagreement to be reflected in the reliability estimates, such as where consecutive grades were selected as opposed to disparate ones. The mean value for each observer for each URT condition was then calculated. All differences between grades were considered equal.
Interobserver data were assessed on all URT abnormalities reported for all 86 videos. Duplicate videos were considered as independent observations rather than replicates since the number and random order of the videos evaluated by each observer made it virtually impossible to recollect the previous evaluation and grade assignment of an individual case. Fleiss' j (Fj) for multiple observers was used to estimate the individual observer reliability considering the grading systems as categorical as well as binary data, accounting for whether a condition was graded present or absent without considering the actual grade recorded. For arytenoid asymmetry at rest a grade ≤2.2 was used to define recurrent laryngeal neuropathy (RLN) as absent and ≥3.1 was used to define RLN as present, while for arytenoid asymmetry at exercise grade A was used to define RLN as absent and B+C for RLN as present. All other disorders were considered present if grade ≥1 had been selected. To account for the fact that the majority of the data was graded in an ordinal manner, Krippendorff's a was also calculated and adjusted with a weighting to take into account observer distribution (i.e. if one observer consistently graded higher than another).
Interpretation of reliability estimates was based on previously described categories [19] 
Results
Intraobserver reliability estimates for each disorder are summarised in Table 1 . Perfect/near-perfect intraobserver agreement was seen for arytenoid asymmetry at exercise, epiglottic retroversion and epiglottic entrapment. Substantial intraobserver agreement was seen for arytenoid asymmetry at rest, PD, MDAF, epiglottic grade at exercise and pharyngeal mucus. Moderate intraobserver agreement was seen for vocal fold collapse (VFC), ventromedial luxation of the apex of the corniculate process of the arytenoid (VLAC), epiglottic grade at rest and nasopharyngeal collapse (NPC).
Interobserver (Fj and a) reliability estimates for each disorder are summarised in Table 2 . When presence/absence of a disorder was considered rather than an actual grade, interobserver Fj estimates were higher for most URT disorders, with near perfect agreement seen for PD, substantial agreement for arytenoid asymmetry at rest and exercise and moderate agreement for epiglottic entrapment. Only fair agreement was seen for MDAF, VLAC, epiglottic grade at exercise, epiglottic retroversion and pharyngeal mucus. Poor agreement was seen for VFC, abnormal epiglottic grade at rest and NPC. When considering the actual grading of disorders, the Fj estimates all decreased except for MDAF and VLAC in which no change was observed. There was a marked decrease in agreement for arytenoid asymmetry at rest (from substantial to fair) and PD (from near perfect to moderate). When evaluating reliability using Krippendorff's a, most estimates were similar to Fj estimates obtained for presence/absence of a disorder, with estimates actually improving from poor to fair for VFC and fair to moderate for MDAF and VLAC; interestingly, estimates for PD reduced from near perfect to substantial.
A breakdown of interobserver agreement (calculated using Fj) for each grade assigned for each URT disorder is summarised in Table 3 and Supplementary Item 4. When an assigned grade was considered, the majority of disorders showed poor to fair agreement between observers for each of the different grades, with the best agreement estimates found for identification of normal horses. However, there was near-perfect interobserver agreement for grade 3 PD (iDDSP) and moderate agreement for grade B arytenoid asymmetry at exercise, grade 2 MDAF and grade 2 PD. There was poor interobserver agreement for all grades of epiglottic structure at rest and NPC.
Discussion
In the current study, mean intraobserver reliability estimates were substantial-to-near perfect for most of the URT disorders with the remaining disorders (VFC, VLAC, epiglottic grade at rest, NPC) having moderate intraobserver agreement. This suggests that individually, the clinicians in the current study were generally consistent in how they graded the URT disorders. However, agreement between the observers was somewhat lower, with predominantly poor-to-fair agreement estimates between observers for most disorders, with only arytenoid asymmetry at exercise and PD showing substantial agreement. This suggests that there is a degree of individual subjectivity being introduced into the grading of disorders, supporting a difference in clinical experience and/or opinion regarding the disorder assessed. This finding also supports that some of the grading systems used may not be as well-defined as they need to be in order to ensure repeatable and objective assessment of a particular disorder.
Observer reliability for grading of equine URT disorders has been best described for grading of arytenoid asymmetry at rest [2, 5] . Weighted agreement indices in the present study were similar to the results reported by Hackett et al. [5] but lower than previously reported by Perkins et al. [2] . A possible reason for these differences is that horses were only mildly affected in the current study and the one reported by Hackett et al. [5] , whereas they were more profoundly affected in the study reported by Perkins et al. [2] . If grades of disorders evaluated are not uniformly distributed, this can lead to 'range restriction,' which results in a lower-than-true estimate of interobserver reliability [20] . Lower observer reliability estimates have also been previously associated with milder forms of a disorder [21] and where a grading scale is too simplistic [22] . It is interesting to note that the a estimate was much higher than the Fj estimate for arytenoid asymmetry at rest in the present study, suggesting that there is not complete agreement because some observers consistently rate higher or lower than others. This is further supported by the fact that grading for presence or absence of asymmetry had a much higher agreement estimate than when actual grades were compared, suggesting that there is still an element of subjectivity in grading, although the Havemeyer grading system is welldescribed [12] . Given that the majority of horses at Thoroughbred sales would be expected to be at the lower end of the grading scale in order to meet sale conditions, the results of the present study suggest that there is likely to only be moderate agreement between observers, which may explain some of the reported variability between endoscopic sales certificates.
In the current study the finding of substantial to near-perfect intra-and interobserver agreement for the grading of arytenoid asymmetry at exercise and PD (particularly grade 3, iDDSP) suggests that a well-defined grading scale is being used [20] . This means that the presence/absence of an abnormality can be accurately differentiated, verifying the reliability of the observer's evaluation of the disorder. The inter-and intraobserver reliability estimates for PD in the present study were in agreement with a previous report [7] . Interestingly, the unweighted agreement in the current study was only moderate, indicating some differences between observers for the actual grade chosen, although similar grades were reported.
Disorders that feature only moderate or less intraobserver agreement and fair to poor interobserver agreement suggest poorly defined grading scales and subjectivity of grading, leading to a high degree of measurement error and increased recording of false negatives [20] . In the current study, this was particularly true of VFC, epiglottic grade (at rest and exercise) and NPC. Since these observers were experienced equine clinicians, the disparity in agreement of grading probably reflects poorly defined grading systems. It is interesting that interobserver agreement for MDAF and intra-and interobserver agreement for VFC were low in the current study given that both conditions have well-defined and clearly illustrated grading scales. One possible reason for the low agreements is that the videos provided were biased towards milder cases resulting in lower observer reliability estimates [21] . Although intraobserver reliability estimates were acceptable for all URT disorders evaluated in the present study, the degree of interobserver variability for a number of URT disorders has strong implications for clinical care and research. In human medicine, cut-offs are defined for observer reliability in order to determine whether or not a diagnosis can be safely made [20] . If initially there is a large discrepancy between observers, training is introduced to improve reliability ratings. This is something that should be considered in veterinary clinical medicine and research in order to standardise the diagnosis of URT disorders. This is especially important where a grade of a disorder is used to determine treatment options including appropriate surgical methods. Although all observers in this study were experienced, training in the use of the grading schemes for most of the URT disorders assessed would probably have improved reliability estimates. In addition, further experience in viewing OGE videos may have improved results since OGE is still a relatively new technique [22] . Although care was taken not to discuss grading scales prior to completion of the study to get a genuinely independent interpretation of results, it should be noted that discussion and reaching a consensus on clinical cases could improve interobserver reliability.
Prevalence of a disease also has an effect on interobserver reliability, with agreement decreasing as prevalence drops [23] . This certainly could have contributed to the interobserver agreement in the present study being poor for epiglottic disorders and NPC. It was thus decided to include Krippendorff's a as well as Fj to evaluate observer reliability in the current study since Krippendorff's a allows for more flexibility in analysis by accounting for the type of data, number of observers and low sample size and prevalence rate [1] . Furthermore, Fj treats the data as nominal and thus can result in a coefficient that dramatically understates the rate of agreement among observers by penalising all differences in grades similarly and not taking into account proximity of the different observers' grades on an ordinal scale [24] . Given that most researchers would consider ratings to be more in agreement if observers assign grades that are adjacent rather than farther apart motivates the use of Krippendorff's a. However, detail on agreement for individual grades is not reported using Krippendorff's a, which is why Fj was used in the present study. Whether or not a method considers the proximity of grade assignments between observers explains some of the marked discrepancies between Krippendorff's a and Fj (for grades) between observers presented in Table 2 . However, as expected when grades were converted to yes/no binary scales, Fj was closer to Krippendorff's a.
Studies of agreement often lack the required subject number to give statistical power to the results [25] . One way to approach this is to increase the number of observers so that the required sample size for review decreases. This approach was taken in the current study, and since each video was viewed on multiple occasions it is likely that accuracy of interpretation was increased [25] . However, a disadvantage of using lower video numbers is that the grades viewed were more repetitive. In the current study, an increased sample size would certainly have improved accuracy of detecting differences in agreement between grades. Furthermore, although there were enough videos evaluated to identify and grade multiple disorders at the same time, an increased sample size may have allowed investigation into the effect that one disorder had on the grading of other lesions. This is something that needs to be investigated more thoroughly given how common complex URT abnormalities are in horses [8] .
In conclusion, intraobserver grades in the present study were consistent and acceptably reliable for all URT disorders identified. However, significant disparity in grading between observers was found for VFC, epiglottic grade at rest and exercise, epiglottic retroversion, pharyngeal mucus and NPC. This grading disparity is of clinical importance when treatment options are being determined based on a grade of disorder. It therefore may benefit veterinary clinicians and researchers to define acceptable agreement estimate cut-offs for observer reliability within their clinical/research group for common URT disorders. Furthermore, the introduction of training for evaluation and grading of URT disorders from OGE may help to improve reliability ratings. However, it is likely that grading of some URT conditions in horses cannot be reliably compared where results are from different research groups.
